The proximal tubule of the kidney represents an important location where adenylate cyclase regulates salt and water transport; yet a detailed characterization of the distribution and classification of guanine nucleotide-binding protein (G protein) and adenylate cyclase is lacking. We used purified brush border (20-fold) and basolateral membranes (14-fold) to characterize parathyroid hormone-and G proteinregulated adenylate cyclase and G-protein distribution. Adenylate cyclase was predominantly localized to basolateral membranes, while the 46-kDa a subunit of the stimulatory G protein (G.) was 2-fold higher in brush border membranes than in basolateral membranes. The a subunit of the inhibitory G protein (G1; 41 kDa) was equally distributed on immunoblotting but was 2-fold higher in brush border membranes than in basolateral membranes on radiolabeling with pertussis toxin. A 42-kDa cholera toxin substrate that cross-reacted with antisera to the common a subunit of G proteins and to G, on immunoblotting and that was not immunoprecipitated with two G, antisera was the most abundant a subunit and comprised -1% of the total membrane proteins. These observations suggest that G proteins are important regulators of proximal tubular transport independent of adenylate cyclase.
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Guanine nucleotide-binding regulatory proteins (G proteins) are a family of proteins that transduce signals between a variety of cell surface receptors and effectors (1) . In most tissues there is a close association between the distribution of the a subunit of the heterotrimeric G proteins (Gs and Gi, the stimulatory and inhibitory G proteins) and hormonal stimulation and inhibition of adenylate cyclase. Hormonal modulation of cAMP through interactions with G proteins represents an important regulator of kidney epithelial water and electrolyte transport (2) (3) (4) . As examples, vasopressin and parathyroid hormone stimulate cAMP and angiotensin inhibits cAMP, thereby influencing transport responses (2) (3) (4) (5) . In addition, ion-transporting epithelial cells represent an important potential site for regulation of ion transport directly by G proteins, as they have been described to regulate channel activity (calcium and potassium) independent of adenylate cyclase in several tissues (1, 6, 7) . G proteins have also been implicated in the regulation of phospholipase C and Na+/ K+-ATPase activity in kidney epithelial cells (8) (9) (10) .
Recent observations in gastrointestinal epithelium suggest that adenylate cyclase may be asymmetrically distributed with the a subunit of G. (G,,; cholera toxin substrate), which regulates ligand-mediated adenylate cyclase stimulation, on apical and basolateral membranes (11) (12) (13) Ci/mmol), and 100 mM potassium phosphate (pH 7.6) with or without cholera toxin A subunit (20 ,g/ml) in a final volume of 0.1 ml. A similar reaction mixture was used for incubation with activated pertussis toxin (20 ,ug/ml), except that 100 ,uM GTP and 100 mM Tris-HCl (pH 8.0) were substituted for GTP[y-S] and potassium phosphate, respectively. The reaction was carried out at 30°C for 60 min and stopped by addition of 4x Laemmli sample buffer (23) (4% NaDodSO4/ 4% 2-mercaptoethanol/40% glycerol/0.04% bromophenol blue/80 mM Tris HCI, pH 6.8). After boiling at 95°C for 5 min, the membranes were analyzed by NaDodSO4/PAGE on 11% polyacrylamide gels by the method of Laemmli (23) . The samples were stained with Coomassie blue, destained, and dried. Radioactivity on the dried gels was detected by autoradiography using Kodak X-Omat film. The (14) . Membranes (100-150 ,ug) were [32P]ADP-ribosylated as described (except in a final reaction volume of 0.05 ml), and the reaction was terminated with 17 ,l of 1 M sodium phosphate (pH 8.0) containing 10% NaDodSO4, 1 M dithiothreitol, and 100 mM EDTA (5 x denaturing buffer). Immediately after, 17 ,ul of denaturing inhibitor cocktail was added to yield final concentrations of 5 mM NaF, 10 mM Na4P207, 2 mM Na3VO4, 1% aprotinin, 1 mM phenylmethylsulfonyl fluoride, and 200 ,ug of leupeptin. Samples were then boiled for 3 min and diluted with a concentrated stock of solubilization buffer to yield 50 mM sodium phosphate (pH 7.2) containing 1% sodium deoxycholate, 1% Triton X-100, 0.15 M NaCI, 0.5% NaDodSO4, 2 mM EDTA, 1% aprotinin, and 1 mM dithiothreitol. This was followed by the addition of a 7X stock inhibitor cocktail containing 5 mM NaF, 2 mM Na4P207, 2 mM Na3VO4, and 200 ,ug of leupeptin per ml in a final volume of 0.139 ml. After incubation at 4°C for 30 min, antiserum (or preimmune serum) was added at dilutions of 1:8 for 1521 and 1:20 for 1398 and 8730. Incubations continued overnight at 4°C and were followed by the addition of 200 p-l of 20% protein A-Sepharose (preincubated with 4 mg of bovine serum albumin per ml for 30 min). After a 2-hr incubation, samples were centrifuged, and precipitates were washed three times with 50 mM sodium phosphate (pH 8.0) containing 0.15 M NaCl, 0.5% Triton X-100, and 2 mM EDTA. The precipitates were then diluted with 4x Laemmli sample buffer and boiled for 5 min; the products were analyzed by NaDodSo4/PAGE and autoradiography. Supernatants saved from the initial centrifugation were also processed for the purpose of determining the percentage of total radiolabeled G protein precipitated by antisera.
RESULTS
Membrane Characterization. The procedures for the preparation of brush border and basolateral membranes are very different so that different cortical homogenates served as sources for the isolated membranes. The purity of brush border and basolateral membranes was assessed by determining enrichment of the marker enzyme leucine aminopeptidase and maltase (brush border) and K-stimulated phosphatase (basolateral). The specific activity of brush border membranes for leucine aminopeptidase as compared with homogenate was 20-fold higher ( Table 1 ). The specific activity of basolateral membrane for K-stimulated phosphatase was 14- increase of 6-fold over basal activity (Fig. 1A) . A small but significant increase over the basal level was observed in brush border membranes that peaked at 3 ,uM GTP[y-S]. The maximum response was 6.2-fold higher in basolateral than brush border membranes. AlFj, which has been postulated to activate G proteins by mimicking the terminal phosphate of GTP, was the most effective stimulator of adenylate cyclase (1). A 9.3-fold maximal increase in activity over basal was observed at 10 mM AIF-(10 mM NaF/10 ,uM AICI3) in basolateral membranes (Fig. 1B) . By contrast, brush border membranes showed only a small increase that peaked at 1 mM AIF-(1 mM NaF/1 ,4M AIC13). The response to 10 mM AlF1 in basolateral membranes was 6.4-fold higher than the maximum response of brush border membranes. Forskolin was an effective activator of adenylate cyclase, causing an 8.6-fold increase in basolateral membrane adenylate cyclase activity at 10 juM (Fig. 1C) . However, at concentrations >10
A.M, adenylate cyclase activity was reduced. The response in brush border was significantly less at 2.2-fold higher than the basal level, yet the same pattern of supramaximal inhibition was observed (Fig. 1C) . PTH-(1-34) fragment at concentrations ranging from 1 nM to 1 ,M stimulated a 2.4-fold maximal response over basal (Fig. 1D) . No significant stimulation was observed with brush border membranes.
Pertussis Toxin ADP-Ribosylation ofMembranes. Pertussis toxin [32P]ADPribosylated a single protein band in brush border and basolateral membranes with an apparent molecular mass of 41 kDa (Fig. 2, lane C) . Radiolabeling was 2-fold greater in brush border than in basolateral membranes. Cholera toxin ADPribosylated three proteins with apparent molecular masses of 42, 46, and 48 kDa in brush border and basolateral membranes. (Fig. 2, lane F) . The 42-kDa protein was the most abundant cholera toxin substrate. In addition, cholera toxin labeled brush border 1.9 ± 0.1 (n = 3)-fold greater than basolateral membranes. Thus, in striking contrast to the relatively low activity of basal and G protein-stimulated adenylate cyclase in brush border, G proteins showed a higher level of bacterial toxin-catalyzed ADP-ribosylation in brush border as compared with basolateral membranes.
Immunoblotting. We used immunoblotting with a variety of antisera to further characterize the a subunits ofthe G proteins and their distribution. Antiserum 1398 (against Ga common), which recognizes an identical amino acid sequence (Cys-GlyAla-Gly-Glu-Ser-Gly-Lys-Ser-Thr-Ile-Val-Lys-Gln-Met-Lys) of the a subunits of Gs, Gi (1,2,3) , Go, and T (14) , revealed that the most abundant protein(s) comigrated as a doublet at 41/42 kDa (Fig. 2, lane A) 
